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STACKED INTEGRATED CIRCUIT PACKAGE 
SYSTEM AND METHOD OF MANUFACTURE 

THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending US. 
patent application Ser. No. 11/380,596 ?led Apr. 27, 2006, 
Which claims the bene?t of US. Provisional Patent Applica 
tion Ser. No. 60/594,711 ?led Apr. 29, 2005, and the subject 
matter thereof is hereby incorporated herein by reference 
thereto. 
[0002] The present application contains subject matter 
related to US. patent application Ser. No. 11/394,635 Which 
claims the bene?t of US. Provisional Application Ser. No. 
60/594,711 and US. Provisional Application Ser. No. 
60/692,842. 
[0003] The present application also contains subject matter 
related to 1) US. patent application Ser. No. 11/395,529, 
Which is a Nonprovisional of US. Provisional Application 
Ser. No. 60/667,277 and US. Provisional Application Ser. 
No. 60/692,182, and 2) US. patent application Ser. No. 
11/397,027, Which is a Nonprovisional of US. Provisional 
Application Ser. No. 60/ 667,277 and US. Provisional Appli 
cation Ser. No. 60/692, 183. Both US. patent applications Ser. 
Nos. 11/395,529 and 11/397,027 are continuation-in-part of 
US. application Ser. No. 11/306,628 Which claims the bene?t 
of US. Provisional Application Ser. No. 60/667,277. All of 
these related applications are assigned to STATS ChipPAC 
Ltd. 

TECHNICAL FIELD 

[0004] The present invention relates generally to package 
systems, and more particularly to a system for stacked inte 
grated circuit packages. 

BACKGROUND ART 

[0005] The very small and very large numbers of circuits on 
the integrated circuit die, generally require some housing and 
protection from the system or product environment. This 
housing and protection often takes the form of an integrated 
circuit package that provides a mechanism for making elec 
trical interconnection betWeen the circuits on the integrated 
circuit die and the leads that are utiliZed to make electrical 
interconnections to circuits, poWer, and ground external to the 
integrated circuit die. For early types of integrated circuits, 
the packaging of the integrated circuits Was relatively 
straightforWard and generally involved an array of leads 
arranged around a die cavity to be electrically connected to 
associated die pads. There Were also relatively feW circuits on 
each integrated circuit die, and the circuit operational rates 
Were by modern day standards relatively sloW. 
[0006] Across virtually all applications, there continues to 
be groWing demand for reducing siZe and increasing perfor 
mance of integrated circuits. The seemingly endless restric 
tions and requirements are no more visible than With products 
in our daily lives. Smaller and denser integrated circuits are 
required in many portable electronic products, such as cell 
phones, portable computers, voice recorders, etc. as Well as in 
many larger electronic systems, such as cars, planes, indus 
trial control systems, etc. As the demand groWs for smaller 
electronic products With more features, manufacturers are 
seeking Ways to include more features as Well as reduce the 
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siZe of the integrated circuit packages. To meet these needs, 
packaging technologies are increasingly using smaller form 
factors With more circuits. 

[0007] Wafer manufacturers strive to reduce transistor or 
capacitor feature siZe in order to increase circuit density and 
enhance functionality. Device geometries With sub-micron 
line Widths are so common that individual chips routinely 
contain millions of electronic devices. Reduced feature siZe 
has been quite successful in improving electronic systems, 
and continuous development is expected in the future. HoW 
ever, signi?cant obstacles to further reduction in feature siZe 
are being encountered. These obstacles include defect density 
control, optical system resolution limits, and availability of 
processing material and equipment. Attention has therefore 
increasingly shifted to integrated circuit packaging as a 
means to ful?ll the relentless demands for enhanced system 
performance. 
[0008] DraWbacks of conventional designs include a rela 
tively large footprint of the package on the mounting surface 
of motherboard. The footprint typically re?ects the maximum 
planar dimension of the package, namely, the x-y dimension 
of the package. In applications Where mounting space is at a 
premium, such as pagers, portable telephones, and personal 
computers, among others, a large footprint is undesirable at 
best. With the goal of increasing the amount of circuitry in a 
package Without increasing the area of the package, so that 
the package does not take up any more space on the circuit 
board, manufacturers have been stacking tWo or more die 
Within a single package. Unfortunately, su?icient overlap for 
electrical interconnect and large footprint top packages have 
plagued previous stacked package or package on package 
designs. 
[0009] Thus, a need still remains for an integrated circuit 
package system to provide improved function, area, volume, 
and manufacturing yield. In vieW of the increasing demand 
for improved integrated circuits and particularly more func 
tions in smaller products at loWer costs, it is increasingly 
critical that ansWers be found to these problems. 
[0010] Solutions to these problems have been long sought 
but prior developments have not taught or suggested any 
solutions and, thus, solutions to these problems have long 
eluded those skilled in the art. 

DISCLOSURE OF THE INVENTION 

[0011] The present invention provides a base substrate, 
attaching a base integrated circuit on the base substrate, 
attaching a core substrate over the base integrated circuit, 
attaching a substrate electrical connector betWeen the core 
substrate and the base substrate, and applying an encapsulant 
having the core substrate partially exposed over the base 
integrated circuit. 
[0012] Certain embodiments of the invention have other 
aspects in addition to or in place of those mentioned or obvi 
ous from the above. The aspects Will become apparent to 
those skilled in the art from a reading of the folloWing detailed 
description When taken With reference to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a cross-sectional vieW of an integrated 
circuit package system in an embodiment of the present 
invention; 



US 2008/0169549 A1 

[0014] FIG. 2 is a cross-sectional vieW of an integrated 
circuit package system in an alternative embodiment of the 
present invention; 
[0015] FIG. 3 is a cross-sectional vieW of an integrated 
circuit package system in another alternative embodiment of 
the present invention; 
[0016] FIG. 4 is a cross-sectional vieW of an integrated 
circuit package system in yet another alternative embodiment 
of the present invention; 
[0017] FIG. 5 is a cross-sectional vieW of an integrated 
circuit package system in yet another alternative embodiment 
of the present invention; 
[0018] FIG. 6 is a cross-sectional vieW of an integrated 
circuit package system in yet another alternative embodiment 
of the present invention; and 
[0019] FIG. 7 is a How chart of an integrated circuit package 
system for manufacturing the integrated circuit package sys 
tem in an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0020] In the folloWing description, numerous speci?c 
details are given to provide a thorough understanding of the 
invention. HoWever, it Will be apparent that the invention may 
be practiced Without these speci?c details. In order to avoid 
obscuring the present invention, some Well-knoWn system 
con?gurations and process steps are not disclosed in detail. 
LikeWise, the draWings shoWing embodiments of the appara 
tus are semi-diagrammatic and not to scale and, particularly, 
some of the dimensions are for the clarity of presentation and 
are shoWn greatly exaggerated in the ?gures. In addition, 
Where multiple embodiments are disclosed and described 
having some features in common, for clarity and ease of 
illustration, description, and comprehension thereof, similar 
and like features one to another Will ordinarily be described 
With like reference numerals. 
[0021] The term “horizontal” as used herein is de?ned as a 
plane parallel to the conventional plane or surface of the 
invention, regardless of its orientation. The term “vertical” 
refers to a direction perpendicular to the horizontal as just 
de?ned. Terms, such as “on”, “above”, “beloW”, “bottom”, 
“top”, “side” (as in “sideWall”), “higher”, “loWer”, “upper”, 
“over”, and “under”, are de?ned With respect to the horizontal 
plane. The term “on” refers to direct contact among the ele 
ments. 

[0022] The term “processing” as used herein includes 
deposition of material or photoresist, patterning, exposure, 
development, etching, cleaning, and/ or removal of the mate 
rial or photoresist as required in forming a described struc 
ture. 

[0023] Referring noW to FIG. 1, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 100 in 
an embodiment of the present invention. The integrated cir 
cuit package system 100 includes an encapsulant 102 having 
an encapsulant recess 104 on a core substrate 106, such as an 

interposer. The core substrate 106 can be made of many 
materials, such as laminate substrate, Si, ceramic, metal lead 
frame, or other materials, and can include embedded features 
such as passive devices or electrical shields. 
[0024] The core substrate 106 is connected to a base sub 
strate 108, such as an interposer, With substrate electrical 
connectors 110, such as bond Wires. The base substrate 108 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
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embedded features such as passive devices or electrical 
shields. The base substrate 108 can include package electrical 
connectors 112, such as solder balls, for external connections 
of any components in the integrated circuit package system 
100 to a next level system, such as another package or a 

printed circuit board. 
[0025] The core substrate 106 includes a mounting surface 
114 and an attachment surface 116. The attachment surface 
116 can be attached over the base substrate by an attachment 
layer 118. The mounting surface 114 and the attachment 
surface 116 include core connection pads 120, such as land 
pads, and core substrate connections 122, such as traces and 
vias. The core substrate connections 122 can connect the core 
connection pads 120 to one another or the core connection 

pads 120 to otherpads (not shoWn) or other traces (not shoWn) 
of the attachment surface 116. 

[0026] The core connection pads 120 can electrically con 
nect other packages, such as a top package 124, and other 
devices 126, such as passive devices, to the base substrate 
108. The core connection pads 120 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
106. The core substrate 106 can optionally require less rout 
ing density than the base substrate 108, thereby providing the 
core substrate 106 With a cost loWer than a cost of the base 
substrate 108. Thus, the core substrate 106 is de?ned as a 
substrate having the core substrate connections 122 for con 
necting the core connection pads 120 on the mounting surface 
114 to one another or to otherpads or traces on the attachment 
surface 116. 

[0027] The top package 124 is connected to the core con 
nection pads 120 With top electrical connectors 128, such as 
solder balls. The top package 124 includes a ?rst top inte 
grated circuit 130, such as a memory device, and a second top 
integrated circuit 132, such as a memory device. The ?rst top 
integrated circuit 130 and the second top integrated circuit 
132 can connect to the core substrate 106 through the top 
electrical connectors 128, a top substrate 134, and top inte 
grated circuit connectors 136. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 124 although 
it is understood that any number of integrated circuits may be 
used. Further, for illustrative purposes, the top package 124 is 
shoWn including the top integrated circuit connectors 136, the 
top substrate 134 and the top electrical connectors 128 
although it is understood that any connection technology may 
be used. 

[0028] A top side or a bottom side of the base substrate 108 
includes base connection pads 138, a ?rst base integrated 
circuit 140, such as a ?rst ?ipchip, a second base integrated 
circuit 142, such as a Wirebond chip, a third base integrated 
circuit 144, such as a second ?ipchip, or a dummy chip (not 
shoWn), such as a spacer die. The base connection pads 138 
can electrically connect other devices (not shoWn), such as 
passive devices. The other devices can be mounted on the top 
side or the bottom side of the base substrate 108. 

[0029] The ?rst base integrated circuit 140 connects to the 
base substrate 108 With ?rst base electrical connectors 146, 
such as solder bumps. The second base integrated circuit 142 
attaches to the ?rst base integrated circuit 140 and connects to 
the base substrate 108 With second base electrical connectors 
148, such as Wire bonds. The third base integrated circuit 144 
connects to the ?rst base integrated circuit 140 With third base 
electrical connectors, not shoWn. The attachment surface 116 
of the core substrate 106 can be attached to the attachment 
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layer 118 on the second base integrated circuit 142 and the 
third base integrated circuit 144. 
[0030] For illustrative purposes, three integrated circuits 
are shoWn betWeen the core substrate 106 and the base sub 
strate 108 although it is understood that any number of inte 
grated circuits may be used. Further, for illustrative purposes, 
the ?rst base electrical connectors 146 are shoWn as solder 
bumps although it is understood that any connection technol 
ogy may be used. Yet further, for illustrative purposes, the 
second base electrical connectors 148 are shoWn as bond 
Wires although it is understood that any connection technol 
ogy may be used. 
[0031] Referring noW to FIG. 2, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 200 in 
an alternative embodiment of the present invention. In a man 
ner similar to the integrated circuit package system 100 of 
FIG. 1, the integrated circuit package system 200 includes an 
encapsulant 202 having an encapsulant recess 204 on a core 
substrate 206, such as an interposer. The core substrate 206 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. 
[0032] The core substrate 206 is connected to a base sub 
strate 208, such as an interposer, With substrate electrical 
connectors 210, such as bond Wires. The base substrate 208 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. The base substrate 208 can include package electrical 
connectors 212, such as solder balls, for external connections 
of any components in the integrated circuit package system 
200 to a next level system, such as another package or a 
printed circuit board. 
[0033] The core substrate 206 includes a mounting surface 
214 and an attachment surface 216. The attachment surface 
216 can be attached over the base substrate by an attachment 
layer 218. The mounting surface 214 and the attachment 
surface 216 include core connection pads 220, such as land 
pads, and core substrate connections 222, such as traces and 
vias. The core substrate connections 222 can connect the core 
connection pads 220 to one another or the core connection 
pads 220 to otherpads (not shoWn) or other traces (not shoWn) 
of the attachment surface 216. 
[0034] The core connection pads 220 can electrically con 
nect other packages, such as a top package 224, and other 
devices 226, such as passive devices, to the base substrate 
208. The core connection pads 220 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
206. The core substrate 206 can optionally require less rout 
ing density than the base substrate 208, thereby providing the 
core substrate 206 With a cost loWer than a cost of the base 
substrate 208. 
[0035] The top package 224 is connected to the core con 
nection pads 220 With top electrical connectors 228, such as 
solder balls. The top package 224 includes a ?rst top inte 
grated circuit 230, such as a memory device and a second top 
integrated circuit 232, such as a memory device. The ?rst top 
integrated circuit 230 and the second top integrated circuit 
232 can connect to the core substrate 206 through the top 
electrical connectors 228, a top substrate 234, and top inte 
grated circuit connectors 236. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 224 although 
it is understood that any number of integrated circuits may be 
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used. Further, for illustrative purposes, the top package 224 is 
shoWn including the top integrated circuit connectors 236, the 
top substrate 234 and the top electrical connectors 228 
although it is understood that any connection technology may 
be used. 
[0036] A top side or a bottom side of the base substrate 208 
includes base connection pads 238, a ?rst base integrated 
circuit 240, such as a ?rst Wirebond chip, a second base 
integrated circuit 242, such as a second Wirebond chip, a third 
base integrated circuit 244, such as a ?ipchip, or a dummy 
chip (not shoWn), such as a spacer die. The base connection 
pads 238 can electrically connect other devices (not shoWn), 
such as passive devices. The other devices can be mounted on 
the top side or the bottom side of the base substrate 208. 
[0037] The ?rst base integrated circuit 240 connects to the 
base substrate 208 With ?rst base electrical connectors 246, 
such as bond Wires. The second base integrated circuit 242 
attaches to the ?rst base integrated circuit 240 and connects to 
the base substrate 208 With second base electrical connectors 
248, such as Wire bonds. The third base integrated circuit 244 
connects to the ?rst base integrated circuit 240 With third base 
electrical connectors, not shoWn. The attachment surface 216 
of the core substrate 206 can be attached to the attachment 
layer 218 on the second base integrated circuit 242 and the 
third base integrated circuit 244. 
[0038] For illustrative purposes, three integrated circuits 
are shoWn betWeen the core substrate 206 and the base sub 
strate 208 although it is understood that any number of inte 
grated circuits may be used. Further, for illustrative purposes, 
the ?rst base electrical connectors 246 are shoWn as bond 
Wires although it is understood that any connection technol 
ogy may be used. Yet further, for illustrative purposes, the 
second base electrical connectors 248 are shoWn as bond 
Wires although it is understood that any connection technol 
ogy may be used. 
[0039] Referring noW to FIG. 3, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 300 in 
another alternative embodiment of the present invention. In a 
manner similar to the integrated circuit package system 100 
of FIG. 1, the integrated circuit package system 300 includes 
an encapsulant 302 having an encapsulant recess 304 on a 
core substrate 306, such as an interposer. The core substrate 
306 can be made of many materials, such as laminate sub 
strate, Si, ceramic, metal leadframe, or other materials, and 
can include embedded features such as passive devices or 
electrical shields. 
[0040] The core substrate 306 is connected to a base sub 
strate 308, such as an interposer, With substrate electrical 
connectors 310, such as bond Wires. The base substrate 308 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. The base substrate 308 can include package electrical 
connectors 312, such as solder balls, for external connections 
of any components in the integrated circuit package system 
300 to a next level system, such as another package or a 
printed circuit board. 
[0041] The core substrate 306 includes a mounting surface 
314 and an attachment surface 316. The attachment surface 
316 can be attached over the base substrate by an attachment 
layer 318. The mounting surface 314 and the attachment 
surface 316 include core connection pads 320, such as land 
pads, and core substrate connections 322, such as traces and 
vias. The core substrate connections 322 can connect the core 
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connection pads 320 to one another or the core connection 
pads 320 to otherpads (not shown) or other traces (not shoWn) 
of the attachment surface 316. 
[0042] The core connection pads 320 can electrically con 
nect other packages, such as a top package 324, and other 
devices 326, such as passive devices, to the base substrate 
308. The core connection pads 320 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
306. The core substrate 306 can optionally require less rout 
ing density than the base substrate 308, thereby providing the 
core substrate 306 With a cost loWer than a cost of the base 
substrate 308. 
[0043] The top package 324 is connected to the core con 
nection pads 320 With top electrical connectors 328, such as 
solder balls. The top package 324 includes a ?rst top inte 
grated circuit 330, such as a memory device and a second top 
integrated circuit 332, such as a memory device. The ?rst top 
integrated circuit 330 and the second top integrated circuit 
332 can connect to the core substrate 306 through the top 
electrical connectors 328, a top substrate 334, and top inte 
grated circuit connectors 336. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 324 although 
it is understood that any number of integrated circuits may be 
used. Further, for illustrative purposes, the top package 324 is 
shoWn including the top integrated circuit connectors 336, the 
top substrate 334 and the top electrical connectors 328 
although it is understood that any connection technology may 
be used. 
[0044] A top side or a bottom side of the base substrate 308 
includes base connection pads 338, a base integrated circuit 
340, such as a ?ipchip, having a die backside 342. The base 
connection pads 338 can electrically connect other devices 
(not shoWn), such as passive devices. The other devices can be 
mounted on the top side or the bottom side of the base sub 
strate 308. 

[0045] The base integrated circuit 340 connects to the base 
substrate 308 With ?rst base electrical connectors 346, such as 
solder bumps. The attachment surface 316 of the core sub 
strate 306 can be attached to the attachment layer 318 on the 
die backside 342. For illustrative purposes, one integrated 
circuit is shoWn betWeen the core substrate 306 and the base 
substrate 308 although it is understood that any number of 
integrated circuits may be used. Further, for illustrative pur 
poses, the base electrical connectors 346 are shoWn as solder 
bumps although it is understood that any connection technol 
ogy may be used. 
[0046] Referring noW to FIG. 4, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 400 in 
yet another alternative embodiment of the present invention. 
In a manner similar to the integrated circuit package system 
100 of FIG. 1, the integrated circuit package system 400 
includes an encapsulant 402 having an encapsulant recess 
404 on a core substrate 406, such as an interposer. The core 

substrate 406 can be made of many materials, such as lami 
nate substrate, Si, ceramic, metal leadframe, or other materi 
als, and can include embedded features such as passive 
devices or electrical shields. 

[0047] The core substrate 406 is connected to a base sub 
strate 408, such as an interposer, With substrate electrical 
connectors 410, such as bond Wires. The base substrate 408 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. The base substrate 408 can include package electrical 
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connectors 412, such as solder balls, for external connections 
of any components in the integrated circuit package system 
400 to a next level system, such as another package or a 
printed circuit board. 
[0048] The core substrate 406 includes a mounting surface 
414 and an attachment surface 416. The attachment surface 
416 can be attached over the base substrate by an attachment 
layer 418. The mounting surface 414 and the attachment 
surface 416 include core connection pads 420 and core sub 
strate connections 422, such as traces and vias. The core 
substrate connections 422 can connect the core connection 
pads 420 to one another or the core connection pads 420 to 
other pads (not shoWn) or other traces (not shoWn) of the 
attachment surface 416. 
[0049] The core connection pads 420 can electrically con 
nect other packages, such as a top package 424, and other 
devices 426, such as passive devices, to the base substrate 
408. The core connection pads 420 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
406. The core substrate 406 can optionally require less rout 
ing density than the base substrate 408, thereby providing the 
core substrate 406 With a cost loWer than a cost of the base 
substrate 408. 
[0050] The top package 424 is connected to the core con 
nection pads 420 With top electrical connectors 428, such as 
solder balls. The top package 424 includes a ?rst top inte 
grated circuit 430, such as a memory device and a second top 
integrated circuit 432, such as a memory device. The ?rst top 
integrated circuit 430 and the second top integrated circuit 
432 can connect to the core substrate 406 through the top 
electrical connectors 428, a top substrate 434, and top inte 
grated circuit connectors 436. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 424 although 
it is understood that any number of integrated circuits may be 
used. Further, for illustrative purposes, the top package 424 is 
shoWn including the top integrated circuit connectors 436, the 
top substrate 434 and the top electrical connectors 428 
although it is understood that any connection technology may 
be used. 
[0051] A top side or a bottom side of the base substrate 408 
includes base connection pads 438, a base integrated circuit 
440, such as a Wirebond chip. The base integrated circuit 440 
connects to the base substrate 408 With base electrical con 
nectors 446, such as bond Wires. The base connection pads 
438 can electrically connect other devices (not shoWn), such 
as passive devices. The other devices can be mounted on the 
top side or the bottom side of the base substrate 408. 
[0052] A moldcap 444, formed by an overrnolding process, 
covers the base integrated circuit 440 and the base electrical 
connectors 446. The attachment surface 416 of the core sub 
strate 406 can be attached to the attachment layer 418 on the 
moldcap 444. For illustrative purposes, one integrated circuit 
is shoWn betWeen the core substrate 406 and the base sub 
strate 408 although it is understood that any number of inte 
grated circuits may be used. Further, for illustrative purposes, 
the base electrical connectors 446 are shoWn as bond Wires 
although it is understood that any connection technology may 
be used. 
[0053] Referring noW to FIG. 5, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 500 in 
yet another alternative embodiment of the present invention. 
In a manner similar to the integrated circuit package system 
100 of FIG. 1, the integrated circuit package system 500 
includes an encapsulant 502 having an encapsulant recess 
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504 on a core substrate 506, such as an interposer. The core 
substrate 506 can be made of many materials, such as lami 
nate sub strate, Si, ceramic, metal leadframe, or other materi 
als, and can include embedded features such as passive 
devices or electrical shields. 

[0054] The core substrate 506 is connected to a base sub 
strate 508, such as an interposer, With substrate electrical 
connectors 510, such as bond Wires. The base substrate 508 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. The base substrate 508 can include package electrical 
connectors 512, such as solder balls, for external connections 
of any components in the integrated circuit package system 
500 to a next level system, such as another package or a 
printed circuit board. 
[0055] The core substrate 506 includes a mounting surface 
514 and an attachment surface 516. The attachment surface 
516 can be attached over the base substrate by an attachment 
layer 518. The mounting surface 514 and the attachment 
surface 516 include core connection pads 520, such as land 
pads, and core substrate connections 522, such as traces and 
vias. The core substrate connections 522 can connect the core 
connection pads 520 to one another or the core connection 

pads 520 to otherpads (not shoWn) or other traces (not shoWn) 
of the attachment surface 516. 
[0056] The core connection pads 520 can electrically con 
nect other packages, such as a top package 524, and other 
devices 526, such as passive devices, to the base substrate 
508. The core connection pads 520 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
506. The core substrate 506 can optionally require less rout 
ing density than the base substrate 508, thereby providing the 
core substrate 506 With a cost loWer than a cost of the base 
substrate 508. 
[0057] The top package 524 is connected to the core con 
nection pads 520 With top electrical connectors 528, such as 
solder balls. The top package 524 includes a ?rst top inte 
grated circuit 530, such as a memory device, and a second top 
integrated circuit 532, such as a memory device. The ?rst top 
integrated circuit 530 and the second top integrated circuit 
532 can connect to the core substrate 506 through the top 
electrical connectors 528, a top substrate 534, and top inte 
grated circuit connectors 536. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 524 although 
it is understood that any number of integrated circuits may be 
used. Further, for illustrative purposes, the top package 524 is 
shoWn including the top integrated circuit connectors 536, the 
top substrate 534 and the top electrical connectors 528 
although it is understood that any connection technology may 
be used. 
[0058] A top side or a bottom side of the base substrate 508 
includes base connection pads 538, a ?rst base integrated 
circuit 540, such as a ?rst ?ipchip, and a second base inte 
grated circuit 542, such as a Wirebond chip or ?ipchip. The 
base connection pads 538 can electrically connect other 
devices (not shoWn), such as passive devices. The other 
devices can be mounted on the top side or the bottom side of 
the base substrate 508. 
[0059] The ?rst base integrated circuit 540 connects to the 
base substrate 508 With ?rst base electrical connectors 546, 
such as solder bumps. The second base integrated circuit 542 
attaches to the ?rst base integrated circuit 540 and connects to 
the base substrate 508 With second base electrical connectors 
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548, such as Wire bonds. A moldcap 544, formed by an 
overmolding process, covers the ?rst base integrated circuit 
540, the second base integrated circuit 542, and the second 
base electrical connectors 548. The attachment surface 516 of 
the core substrate 506 can be attached to the attachment layer 
518 on the moldcap 544. 
[0060] For illustrative purposes, tWo integrated circuits are 
shoWn betWeen the core substrate 506 and the base substrate 
508 although it is understood that any number of integrated 
circuits may be used. Further, for illustrative purposes, the 
?rst base electrical connectors 546 are shoWn as solder bumps 
although it is understood that any connection technology may 
be used. Yet further, for illustrative purposes, the second base 
electrical connectors 548 are shoWn as bond Wires although it 
is understood that any connection technology may be used. 
[0061] Referring noW to FIG. 6, therein is shoWn a cross 
sectional vieW of an integrated circuit package system 600 in 
yet another alternative embodiment of the present invention. 
In a manner similar to the integrated circuit package system 
100 of FIG. 1, the integrated circuit package system 600 
includes an encapsulant 602 having an encapsulant recess 
604 on a core substrate 606, such as an interposer. The core 

substrate 606 can be made of many materials, such as lami 
nate substrate, Si, ceramic, metal leadframe, or other materi 
als, and can include embedded features such as passive 
devices or electrical shields. 

[0062] The core substrate 606 is connected to a base sub 
strate 608, such as an interposer, With substrate electrical 
connectors 610, such as bond Wires. The base substrate 608 
can be made of many materials, such as laminate substrate, Si, 
ceramic, metal leadframe, or other materials, and can include 
embedded features such as passive devices or electrical 
shields. The base substrate 608 can include package electrical 
connectors 612, such as solder balls, for external connections 
of any components in the integrated circuit package system 
600 to a next level system, such as another package or a 
printed circuit board. 
[0063] The core substrate 606 includes a mounting surface 
614 and an attachment surface 616. The attachment surface 
616 can be attached over the base substrate by an attachment 
layer 618. The mounting surface 614 and the attachment 
surface 616 include core connection pads 620, such as land 
pads, and core substrate connections 622, such as traces and 
vias. The core substrate connections 622 can connect the core 
connection pads 620 to one another or the core connection 
pads 620 to otherpads (not shoWn) or other traces (not shoWn) 
of the attachment surface 616. 
[0064] The core connection pads 620 can electrically con 
nect other packages, such as a top package 624, and other 
devices 626, such as passive devices, to the base substrate 
608. The core connection pads 620 can also provide a surface 
for applying solder on pad (not shoWn) to the core substrate 
606. The core substrate 606 can optionally require less rout 
ing density than the base substrate 608, thereby providing the 
core substrate 606 With a cost loWer than a cost of the base 
substrate 608. 
[0065] The top package 624 is connected to the core con 
nection pads 620 With top electrical connectors 628, such as 
solder balls. The top package 624 includes a ?rst top inte 
grated circuit 630, such as a memory device and a second top 
integrated circuit 632, such as a memory device. The ?rst top 
integrated circuit 630 and the second top integrated circuit 
632 can connect to the core substrate 606 through the top 
electrical connectors 628, a top substrate 634, and top inte 



US 2008/0169549 A1 

grated circuit connectors 636. For illustrative purposes, tWo 
integrated circuits are shoWn in the top package 624 although 
it is understood that any number of integrated circuits may be 
used. Further, for illustrative purposes, the top package 624 is 
shoWn including the top integrated circuit connectors 636, the 
top substrate 634 and the top electrical connectors 628 
although it is understood that any connection technology may 
be used. 

[0066] A top side or a bottom side of the base substrate 608 
includes base connection pads 638, a ?rst base integrated 
circuit 640, such as a ?rst Wirebond chip, and a second base 
integrated circuit 642, such as a second Wirebond chip or 
?ipchip. The base connection pads 538 can electrically con 
nect other devices (not shoWn), such as passive devices. The 
other devices can be mounted on the top side or the bottom 
side of the base substrate 608. 

[0067] The ?rst base integrated circuit 640 connects to the 
base substrate 608 With ?rst base electrical connectors 646, 
such as bond Wires. The second base integrated circuit 642 
attaches to the ?rst base integrated circuit 640 and connects to 
the base substrate 608 With second base electrical connectors 
648, such as Wire bonds. A moldcap 644, formed by an 
overmolding process, covers the ?rst base integrated circuit 
640, the second base integrated circuit 642, and the second 
base electrical connectors 648. The attachment surface 616 of 
the core substrate 606 can be attached to the attachment layer 
618 on the moldcap 644. 

[0068] For illustrative purposes, tWo integrated circuits are 
shoWn betWeen the core substrate 606 and the base substrate 
608 although it is understood that any number of integrated 
circuits may be used. Further, for illustrative purposes, the 
?rst base electrical connectors 646 are shoWn as bond Wires 
although it is understood that any connection technology may 
be used. Yet further, for illustrative purposes, the second base 
electrical connectors 648 are shoWn as bond Wires although it 
is understood that any connection technology may be used. 
[0069] Referring noW to FIG. 7 is a How chart of an inte 
grated circuit package system 700 for manufacturing the inte 
grated circuit package system 100 in an embodiment of the 
present invention. The system 700 includes providing a base 
substrate in a block 702; attaching a base integrated circuit on 
the base substrate in a block 704; attaching a core substrate 
over the base integrated circuit in a block 706; attaching a 
substrate electrical connector betWeen the core substrate and 
the base substrate in a block 708; and applying an encapsulant 
having the core substrate partially exposed over the base 
integrated circuit in a block 710. 

[0070] In greater detail, a method to fabricate the integrated 
circuit package system 100, in an embodiment of the present 
invention, is performed as folloWs: 

[0071] l. Forming a base substrate having a base con 
nection pad. (FIG. 1) 

[0072] 2. Connecting a base integrated circuit With a base 
electrical connector on the base substrate. (FIG. 1) 

[0073] 3. Attaching a core substrate on a mounting layer 
over the base integrated circuit. (FIG. 1) 

[0074] 4. Connecting a substrate electrical connector 
betWeen the core substrate and the base substrate. (FIG. 

1) 
[0075] 5. Forming an encapsulant over the core substrate 
having a core connection pad exposed over the base 
integrated circuit. (FIG. 1) 
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[0076] 6. Connecting a top electrical connector betWeen 
a top integrated circuit and the core connection pad. 

(FIG. 1) 
[0077] It has been discovered that the present invention thus 
has numerous aspects. 
[0078] An aspect is that the present invention provides a 
recess in the encapsulant. The encapsulant is formed such that 
a region over the base integrated circuit is exposed. The 
encapsulant recess provides a region Within the extents of the 
encapsulant that is signi?cantly loWer than the surrounding 
extents of the encapsulant. 
[0079] Another aspect is that the present invention provides 
a mounting surface over the base integrated circuit. The 
encapsulant recess provides an exposed region of the core 
substrate for the mounting surface. The core substrate pro 
vides electrical pads and connections in the encapsulant 
recess for mounting and connecting other devices. 
[0080] It has been discovered that the disclosed structure 
provides stacking of packages. Multiple packages may be 
stacked one over the other rather than the attachment on the 
same planar or largely the same planar surface. The stacking 
increases the typically smaller height dimension rather than 
increasing the typically larger planar dimension resulting in 
siZe and performance improvements. 
[0081] It has also been discovered that the disclosed struc 
ture provides stacking of integrated circuit die. The integrated 
circuit die can be stacked Within a package that in turn can be 
stacked. Stacking the integrated circuit die Within the package 
provides additional improvements in siZe and performance. 
The integrated circuit die can be stacked in the typically 
smaller dimension rather than mounted adjacent to one 
another across the typically larger planar dimension. 
[0082] Yet another discovery is that the disclosed structure 
provides a smaller footprint or planar dimension of the 
stacked integrated circuit package system. The stacking of 
packages and integrated circuits alloWs multiple functions to 
?t into a smaller footprint than even some of the discrete 
devices placed individually on a substrate or other connection 
surface. The footprint area of the base substrate provides a 
signi?cantly smaller area requirement. 
[0083] Yet another discovery is that the disclosed structure 
alloWs the top package to be of a smaller siZe. The core 
substrate provides interconnection of a top package Without 
the need for larger dimensions overlapping the bottom inte 
grated circuit. Enabling a smaller top package provides sig 
ni?cantly improved signal integrity, component choices, 
number of components, package area, and system space. 
[0084] Yet another discovery of the disclosed structure is 
that top knoWn good die can to be attached in many forms, 
such as direct chip attach, chip on board, ?ip chip, area array 
packages, leaded packages, or leadless packages. The inter 
poser provides a ?exible interface for compatibility to several 
different or multiple package connections. Integrated circuit 
die can be pre-tested to predetermine the knoWn good die to 
attach. 
[0085] Yet another discovery of the disclosed structure is 
that many types of integrated circuits, such as passive devices, 
integrated circuits, integrated circuits With integrated pas 
sives, or optical sensors, can be integrated. The encapsulant 
recess and the core substrate provide a packaging system 
compatible With many and varied components including var 
ied functions, dimensions, and connection con?gurations. 
[0086] Yet another discovery of the disclosed structure is 
that a package on package (POP) con?guration can be inte 
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grated With stacking of other components. The encapsulant 
cavity and interposer are compatible With any components 
including passives, integrated circuit die, and other packages. 
Other packages may be mounted on the ?rst integrated circuit 
package With the encapsulant cavity and the interposer. 
[0087] These and other valuable aspects of the present 
invention consequently further the state of the technology to 
at least the next level. 
[0088] Thus, it has been discovered that the integrated cir 
cuit package system method and apparatus of the present 
invention furnish important and heretofore unknoWn and 
unavailable solutions, capabilities, and functional aspects. 
The resulting processes and con?gurations are straightfor 
Ward, cost-effective, uncomplicated, highly versatile, and 
effective, can be implemented by adapting knoWn technolo 
gies, and are thus readily suited for e?icient and economical 
manufacturing. 
[0089] While the invention has been described in conjunc 
tion With a speci?c best mode, it is to be understood that many 
alternatives, modi?cations, and variations Will be apparent to 
those skilled in the art in light of the aforegoing description. 
Accordingly, it is intended to embrace all such alternatives, 
modi?cations, and variations, Which fall Within the scope of 
the included claims. All matters hithertofore set forth herein 
or shoWn in the accompanying draWings are to be interpreted 
in an illustrative and non-limiting sense. 

What is claimed is: 
1. An integrated circuit package system comprising: 
providing a base substrate; 
attaching a base integrated circuit on the base substrate; 
attaching a core substrate over the base integrated circuit; 
attaching a substrate electrical connector betWeen the core 

substrate and the base substrate; and 
applying an encapsulant having the core substrate partially 

exposed over the base integrated circuit. 
2. The system as claimed in claim 1 further comprising 

attaching a top integrated circuit on a mounting surface of the 
core substrate. 

3. The system as claimed in claim 1 Wherein attaching the 
base integrated circuit comprises attaching a solder ball or a 
bond Wire betWeen the base integrated circuit and the base 
substrate. 

4. The system as claimed in claim 1 Wherein attaching the 
base integrated circuit comprises attaching another integrated 
circuit on the base integrated circuit. 

5. The system as claimed in claim 1 Wherein attaching the 
base integrated circuit comprises applying a moldcap over the 
base integrated circuit and part of the base substrate. 

6. An integrated circuit package system comprising: 
forming a base substrate having a base connection pad; 
connecting a base integrated circuit With a base electrical 

connector on the base substrate; 
attaching a core substrate on an attachment layer over the 

base integrated circuit; 
connecting a substrate electrical connector betWeen the 

core substrate and the base substrate; 
forming an encapsulant over the core substrate having a 

core connection pad exposed over the base integrated 
circuit; and 
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connecting a top electrical connector betWeen a top inte 
grated circuit and the core connection pad. 

7. The system as claimed in claim 6 Wherein connecting the 
base integrated circuit comprises attaching a bond Wire 
betWeen another integrated circuit on the base integrated cir 
cuit and the base substrate. 

8. The system as claimed in claim 6 Wherein connecting the 
base integrated circuit comprises attaching a ?ipchip on the 
base integrated circuit. 

9. The system as claimed in claim 6 Wherein forming the 
encapsulant comprises forming a mounting surface on the 
core substrate for a top integrated circuit. 

10. The system as claimed in claim 6 Wherein attaching the 
core substrate comprises providing the core substrate With a 
cost loWer than a cost of the base substrate. 

11. An integrated circuit package system comprising: 
a base substrate; 
a base integrated circuit on the base substrate; 
a core substrate over the base integrated circuit; 
a substrate electrical connector betWeen the core substrate 

and the base substrate; and 
an encap sulant having the core substrate partially exposed 

over the base integrated circuit. 
12. The system as claimed in claim 11 further comprising 

a top integrated circuit on a mounting surface of the core 
substrate. 

13. The system as claimed in claim 11 further comprising 
a solder ball or a bond Wire betWeen the base integrated circuit 
and the base substrate. 

14. The system as claimed in claim 11 further comprising 
another integrated circuit on the base integrated circuit. 

15. The system as claimed in claim 11 further comprising 
a moldcap over the base integrated circuit and part of the base 
substrate. 

16. The system as claimed in claim 11 Wherein: 
the base substrate having a base connection pad; 
the base integrated circuit With a base electrical connector 

on the base substrate; 
the core substrate on an attachment layer over the base 

integrated circuit; 
the substrate electrical connector betWeen the core sub 

strate and the base substrate; 
the encapsulant over the core substrate having a core con 

nection pad exposed over the base integrated circuit; and 
further comprising: 

a top electrical connector betWeen a top integrated circuit 
and the core connection pad. 

17. The system as claimed in claim 16 further comprising 
a bond Wire betWeen another integrated circuit on the base 
integrated circuit and the base substrate. 

18. The system as claimed in claim 16 further comprising 
a ?ipchip on the base integrated circuit. 

19. The system as claimed in claim 16 Wherein the encap 
sulant comprises a mounting surface on the core substrate for 
a top integrated circuit. 

20. The system as claimed in claim 16 Wherein the core 
substrate comprises a cost loWer than a cost of the base 
substrate. 


